The main goal of this research study was to establish the physicochemical characteristics of sewage sludge, and the nutrients needed to enhance the properties of soil with a view to exploiting were potential for agriculture. The example used was the cultivation of radish (Raphanus sativus). The findings are intended as a contribution towards making agriculture sustainable. This study was carried out to assess the response of radish (Raphanus sativus L.) to doses of sewage sludge applied in medium texture soils, and the socioeconomic contributions that such cultivation of radish would make. Levels of 0.25 and 75 ton/ha of sewage sludge plus the equivalent dose of 25 ton/ha of sewage sludge vermin compost by California Red were used after making a randomized experimental design with three replicates. 30 days after sowing radish seeds, the following data were collected: the number of leaves per plant (NLP); plant height (PH in cm); root diameter (RD) and tubercle production (TP ton/ha). In addition, the pH, EC-electric conductivity (EC), and soil organic matter (SOM) were determined. Statistical analysis showed that 25 and 50 tons/ha gave the best results for the parameters assessed. The estimated increase in family mean income from selling radish crops fertilized with sewage sludge is around 17%.
local people engage on a multitude of socioeconomic activities (which includes cultivating root plants, fruits and vegetables, raising livestock, producing handicrafts and offering diverse services). The community which consists of four families who reside in four houses built in the territory is classified as a low-income community. The soil is classified as a latosolic, dystrophic Yellow Argisol (Brazilian Company of Agriculture and Livestock Research, EMBRAPA [28] , in the semi evergreen Atlantic forest sub-region. The terrain is generally flat with few irregularities, originating from the sediments of the (tertiary) clay group. The soil, which is non-susceptible to erosion, has average texture, good to average internal drainage, low to average fertility and covers 10% of the State territory, belonging to the Northern Coast region of the state of Pernambuco.
In accordance with Köppen's classification which is used by the American Society of Meteorology (AMS), the dominant climate is rainy monsoon tropical with dry summers. The mean annual temperature is 24.8˚C with a mean maximum temperature of 30.2˚C and a mean minimum of 19.3˚C. The lowest temperatures are registered from June to September. The annual rainfall is 1,715.7 mm, and the driest period occurs between October and December. The winds are light, with a mean speed of 159 km per day predominately in the South-Southeastern direction. The relative humidity is high, an average of 83%, and evaporation is 2122 m a year as measured by a class evaporation pan [29] - [32] .
Physicochemical Characterization of the Soil
Before radish is sown, a physicochemical characterization of the soil layer was made at depths from 0 to 20 cm, in accordance with EMBRAPA [33] . This resulted in: 7.4 g•kg . The total concentrations of potentially toxic elements were, in mg•kg 
Chemical Characteristics of Sewage Sludge
The sewage sludge used in the experiment was collected from the drying bed of the Sewage Treatment Station of the Integrated (Transport) Terminal of Pernambuco-ETE/TIP, in the city of Recife, state of Pernambuco, Brazil. This station treats domestic sewage. After the material was collected, it was prepared in order to assess its chemical composition according to APHA [34] (Table 1) .
Experimental Design
The experimental design used was randomized blocks with five different treatments (zero, 25, 50 and 75 ton/ha of sewage sludge collected from ETE/TIP over 25 ton/ha of sewage sludge vermin compost by California Red) and three repetitions. The brickwork vegetable plots were one meter long by six meters wide and had a depth of 0.20 m. They were divided into 21 rows with a space of 0.35 m between the rows and 0.15 m between the plants. The plants used in the assessments were the ones in the central area, the size of the useful area being two square meters.
Treatments of Radish
The (apagar: sowing of) radish (Raphanus sativus L.) was sown directly at a depth of 1.5 cm, using 10 grams of seeds of the Crimson Giant cultivar per vegetable plot. After germination (from three to five days), the plants were thinned, thus leaving only those that presented well-developed foliage, as recommended by Ramamurthy et al. [19] . The usual treatments for the cultivation were carried out, including irrigation by aspersion up to twice V. N. Lima et al.
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daily, with a view to providing enough water for the good development of radish in the periods when precipitation was absent. Shading with banana leaves or palm-tree leaves was also used in order to avoid high levels of evapotranspiration in the warmest periods and the plot was manually weeded or with the aid of a hoe to keep the cultivation free from weeds. The radish was harvested 30 days after sowing, with sampling from the useful area previously assigned to each vegetable plot in 10 equidistant spots. An immediate count was made of the number of leaves per plant. The height of the plants was measured (in centimeters, from the base to the apex of the largest dimension of the leaf) as was the diameter of the roots (with a caliper rule and the data were collected in centimeters). The aerial part was promptly discarded after they were measured and the roots were washed and weighed. The average weight of each treated radish was calculated and the corresponding values converted to ton/ha in accordance with Yagioka et al. [35] . At the end of the harvest, the soil was sampled by collecting sub samples in a meandering pattern so as to form a compound sample per plot of which a chemical analysis (pH, EC, P, Organic Matter) was made as set out in the EMBRAPA [33] methodology. To evaluate how tendencies varied when concentrations were increased, a series of graphics was constructed using Statistic 6.0 [36] software. Thereafter, assays were made to assess which function would adjust best to each trend for which a series of mathematical and statistical parameters was obtained with a 95% level of significance.
Results and Discussion

Leaves, Plant Height, Root Diameter and Tubercle Production
The results showed the number of leaves per plant (NLP), plant height (PH in cm), root diameter (RD in cm), and tubercle production (TP ton/ha) all increased as described in Table 2 . Figure 1 shows diagrams of the dispersion tendency of dependent variables when the treatment values are varied. In the analysis of the characteristics of the plant regarding the number of leaves produced ( Table 2 , Figure 1 (a)) note that when a level equivalent to 25 ton/ha of sewage sludge was used both "in natura" and vermin composting, the number of leaves in the radish cultivated increased. The statistical response showed no difference until a dose 50 ton/ha of sewage sludge was reached. These numbers are superior to those found, which surpass numerically the corresponding level of 75 ton/ha, although no statistical difference between them was found. The same pattern was observed regarding plant height (Table 2, Figure 1(b) ). Initially, the radish grew slowly, though, at the end of the cycle, the estimated production was 18.02 ton/ha when levels of 25 ton/ha of sewage sludge were used ( Table 2 , Figure 1(c)) . A large investment in the aerial part was perceived. This was naturally expected so as to establish the organs that would be the source of photoassimilate. Similar results were observed by Nunes et al. [37] and Haag and Minami [38] in beetroot and by Muller et al. [22] in radish. It was also observed that when levels corresponding to 25 and 50 ton/ha of sewage sludge and 25 ton/ha of sewage sludge vermin compost were used, the production of radish continued to be produced in the acceptable interval for this vegetable (15 to 20 ton/ha), according to Yagioka et al. [35] . Therefore, the potential for using sewage sludge in agriculture becomes evident. The estimated increase in mean family income with radish fertilized with sewage sludge was approximately 17%. The results showed higher values for TP (ton/ha), an increase to 43.47% using 25SS, and the cost of production according the Table 2 the income per plot was US $6.20 on comparing controlled treatments. 1 SS = sewage sludge; VSS = vermin compost sewage sludge by California red. 2 Average values followed by the same letter had no difference between them by the Tukey test at 5% probability. 3 sold as radish sauce = 129 grams.
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Statistical Evaluation
In order to compare the effects of the corresponding treatment levels of 25 ton/ha of sewage sludge-SS and sewage sludge vermin compost-SSV on the radish, the Student "t" test was performed in order to examine the hypothesis H 0 and H 1 ( Table 3) . This test compares the mean values of both treatments, using the value of the significance level (observing the value of p) which makes the hypothesis valid. Note that in every case the value of p is superior to the level of significance (0.05) of all dependent variables. This result means that the treatments compared produce the same effects. Hence the need to take the economic analysis into account before choosing which "in natura" or vermin compost fertilizer to use. The results of pH, EC, P and OM of the soil treated with equivalent levels of 0, 25, 50 and 75 ton/ha of sewage sludge-SS are presented using box plot graphics. These graphics are used so as to be able to visualize values from the perspective of both the possibility of the equality of the mean values as well as of the dispersion values of each set of samples (using the same treatment). In these graphics, the tendencies of dependent variables can be observed when the factor or independent variable varies.
In Figure 2 (a), note that, by the end of the experiment, the pH of the soil pH presented from 6.0 (with a level of zero ton/ha) to 6.5 (with a level of 50 ton/ha). Such findings demonstrate the ability of sewage sludge without prior whitewashing to increase the pH of soils [39] - [41] . In the cases, the authors attribute the neutralizing effect to the reaction involved in degrading the organic compounds of the waste. The levels of 25 and 75 ton/ha of sewage sludge presented similar statistical results, at a 5% level of significance by the statistical tests [42] .
The electric conductivity (EC) of the soil (Figure 2(b) ) was significantly influenced by the interactions between sewage sludge treatments. Considering the behavior of EC amongst the levels of SS, it was verified that *NLP = number of leaves per plant; PH = plant height-cm; RD = root diameter-cm; TP = tubercle production-ton/ha. as the levels increase, there is a trend for the values of EC to decrease. This decrease in the saline concentration of the surface of the soil is probably due to soluble or in suspension ions being washed out, caused by the run-off flow of water due to rainfall and/or irrigation. Similar patterns were obtained by Epstein et al. [39] and Harding et al. [43] , who attributed the EC values of soils treated with sewage sludge to the concentrations of the Ca 2+ , Mg 2+ and Cl-ions present in the residue incorporation layer. In accordance with this finding, Chibuike and Obiora [44] found significant correlations between the electric conductivity of soils excessively treated with high rates of residue and their concentrations of these ions.
The EC of the soil at all levels of SS and during the entire experiment remained below 2000 µS/cm, the threshold above which soils are considered saline [45] . It must be pointed out, however, that adopting this parameter does not provide a solid indication as to the degree of salinization of the soil of the experiment, bearing in mind that this criterion was developed based on the conductivity of saturation extracts. In addition, there is the possibility of depending on the kind of soil and the local rainfall pattern for the levels of the residues used in this experiment as having occasioned, even transiently, salinity problems and their adverse effects on the development of the plant.
The available P values in the plots fertilized with sewage sludge increased to a level of 50 ton/ha in comparison with the non-fertilized fields (Figure 2(c) ). This was probably due to the medium to high rate (45 mg/kg) of this element in the sewage sludge used ( Table 1) . This effect could also be related to the presence of available forms of phosphorus in SS [46] .
The organic matter content (Figure 2(d) ) found in the soil does not indicate there was a considerable increase due to the levels of sewage sludge used, supposedly because of the presence of organic compounds such as lignin, cellulose, lipids, humus substances, greases, waxes, oils and resins [47] , which based on the data could not result in the soil-plant system being benefitted [48] .
Comparison of the Organic Treatments
In order to compare the effects in the soil of the treatment with the corresponding level of 25 ton/ha of sewage sludge-SS and of sewage sludge vermin compost-SSV, the Student "t" test was applied so as to verify the hypothesis H 0 and H 1 ( Table 4 ). Note that in most cases the p value remains below the level of significance (0.05) for all the dependent variables. Such results imply that the treatments being compared have different effects. Only organic matter produces a similar effect because its significance value is above the level of significance of 5%.
Conclusion
The characterization of sewage sludge is an important parameter for applying sewage sludge, as nutrient supplementation, in the soil for agricultural purposes. In addition, the cultivation of radish showed a positive response to the levels of 25 to 50 ton/ha of sewage sludge used. The use of corresponding levels of 25 ton/ha of sewage sludge was statistically similar to the same levels of sewage sludge vermin compost by California Red, with the exception of organic matter. The production of the "Crimson Giant" radish cultivar remained at the accepted interval for this vegetable. The use of sewage sludge levels of 25 to 50 ton/ha positively increases the pH to 6.5, decreases the electric conductivity (EC), and OM of the soil with a linear effect of the levels used. The nutrient contents (nitrogen and phosphorous) were high in all levels of the sludge samples taken from the anaerobically digested sewage sludge containing the highest concentrations. Generally higher C/N ratios were recorded in the sludge samples which are an indication that there is limited mobilization of nitrogen by incorporation into cell mass which makes the nitrogen contents available at a later period when plants most need them during their growth period. The results point to families increasing their consumption of radish as well as the perspective of trading conditions for the surplus products being improved. The results provided a better understanding of the use of sewage sludge as a promising fertilizer of the soil. They also show there can be an approximately 17% increase in mean family income from the sale of radish fertilized with sewage sludge; TP (ton/ha) values can increase by up to 43.47% using 25 SS, and the highest income per plot corresponded to US$6.20 when the controlled treatments were compared.
